Transovarian passage of salmonella was evaluated in snakes by cesarean delivery and subsequent bacteriological examination of fetuses. In all cases, the same Salmonella serotype was isolated from the feces of gravid females and their fetuses. The visceral distribution of salmonella in normal snakes was found to involve almost all visceral organs. Of nonenteric organs examined, salmonella was recovered most often from the livers and ureters. Experimental infections with Salmonella typhimurium and Salmonella arizonae were established by oral, intracardial, and intracoelomic routes. Animals infected orally shed the organism in feces, but did not develop humoral antibodies or any detectable adverse effect. Animals injected by the intracardiac and intracoelomic routes developed antibody titers of 1:256 to the respective salmonella serotypes, but remained normal throughout the experiment. On the basis of results, salmonella was regarded as an opportunistic organism in reptiles.
Reptilian salmonellosis has recently been reviewed (3) . Although salmonella is a well-recognized pathogen in mammalian and avian species, its actual role as an etiological agent of disease in reptiles continues to be an area of controversy. As many as 94% of all reptiles harbor Salmonella spp. in their gastrointestinal tracts, without apparent adverse effect. No acceptable mode of transmission has been identified to account for this large percentage of Salmonella carriers. Stagnant breeding ponds, egg penetration, fecal contamination from other animals, and food sources have all been suggested as sources, but do not adequately explain the high infectivity rate in wild, free-ranging reptiles (3). Kaufman et al. (8, 9) documented the isolation of Salmonella from ovarian tissue and the egg of a turtle, suggesting transovarian passage, but these findings were not reproducible.
The isolation of Salmonella from nonenteric sites in reptiles is not uncommon. Salmonella arizonae (Arizona hinshawii) appears to have a greater tendency for visceral migration, and some early investigators suggested pathogenicity based exclusively on their isolation from nonenteric sites (3) . Lesions are rarely, if ever, observed. Salmonella gastroenteritis and septicemia have been described; in all cases, poor husbandry, maladaptibility, and malnutrition may have been predisposing factors (3). Experimental infections in snakes (7), tortoises (5), and Animals inoculated by the intracoelomic route remained normal throughout the experiment. Adverse effects were not apparent. Salmonella was recovered from blood by day 6 post-inoculation, but became negative by day 25. Antibodies developed by day 14 and rose to a maximum titer of 1:256. Salmonella was isolated from all visceral organs of animals killed at 15 days, but gross or histological lesions were not present. By 30 days, there was a mild chronic inflammation of the coelom, consisting of a diffuse accumulation of mononuclear leukocytes and granulocytes. After 45 days post-inoculation, there was a decrease in inflammatory cells and an increase in fibrotic tissue surrounding the coelomic cavity. When selective and enrichment media were used, all organs were positive for Salmonella; however, organisms could not be isolated on primary plating on blood agar. Similar to the results obtained in animals inoculated by the intracardiac route, experimental Salmonella serotypes could not be isolated from feces of snakes infected by the intracoelomic route. Lesions were not observed in control animals, and all tissues were negative for S. typhimurium and S. arizonae.
DISCUSSION
Results of cesarean section and subsequent bacteriology have shown that snake fetuses are not sterile; they may be born infected with salmonella or other enteric organisms. The isolation of Salmonella from whole fetuses does not necessarily mean that they will excrete the organisms. Results of experimental infections presented here show that snakes with systemic or intracoelomic infections do not excrete salmonella in feces; therefore, unless fetal infection were enteric, salmonella might not be excreted. The failure to isolate S. arizonae from one of the gravid female snakes which had positive fetuses is not unexpected, since variability in fecal excretion rates often results in consecutive negative cultures (3) .
Salmonella can occur in almost any visceral organ of snakes that appear clinically healthy. The livers and urinary tracts were the most common nonenteric organs infected. A single brown snake was found to be negative for Salmonella which was an unusual finding, since all brown snakes were captured from the same small area and presumably were exposed to the same opportunity for infection. Perhaps some snakes develop resistance to infection; it has been observed that different Salmonella serotypes are rarely transmitted from one reptile to another (3) . A common source of infection is suggested by the occurrence of S. carrau in garter snakes and S. muenchen in brown snakes, since snakes of the same species were captured in the same habitat. Of the snakes examined in this study, 55 of 56 snakes (98%) were naturally infected with salmonella.
The results of my experimental infections were similar to those originally reported by Dimow and Slawtschew (5-7). Orally infected animals excreted Salmonella in the feces, but did not develop antibodies or any illness. Animals inoculated by the intracoelomic and intracardiac routes developed antibodies and a mild or undetectable inflammatory response. Antibody titers appeared high in view of the fact that environmental temperatures were maintained at approximately 25°C, a temperature known to inhibit humoral antibody formation (4). The reduction in colony-forming units with time in animals inoculated by the intracardiac route suggests a declining septicemia or partial elimination of infection. Cardiac lesions which occurred in two of the experimental animals were probably traumatic and incidental, more related to how the injection was given than to the pathogenicity of salmonella.
The results reported here suggest that Salmonella is an opportunistic organism and possibly part of the normal bacterial flora in reptiles. Oral, systemic, and intracoelomic infections were established at immunosuppressive temperatures and at cell concentrations 106 times the infective dose for humans (3) , and yet, overt disease was not observed. It would thus appear that snakes are very resistant to disease caused by bacteria of the genus Salmonella. The distinction between infection and disease is of paramount importance. Clinical salmonellosis in reptiles probably only occurs as a manifestation of the maladaptability syndrome, a condition resulting from anorexia, malnutrition, emaciation, breakdown in immune mechanisms, and secondary invasion by opportunistic organisms. I have often observed this type of secondary salmonellosis at our laboratory. The significance of recovering these organisms at necropsy needs to be tempered by appreciation for the multifocal salmonella distribution in normal snakes. Caution needs to be exercised in clinical and postmortem diagnosis of salmonellosis in reptiles.
Since 1944, reptiles have been shown to be a reservoir of salmonellosis and have been implicated in transmitting the agent to humans, livestock, and companion animals. The importance of the high salmonella carrier rate in reptiles on the ecology of salmonella and zoonosis has been previously discussed (3) .
